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Multicellular organisms rely on electrical signaling to
communicate messages within and between different tis-
sues. Channel-mediated ionic transport is typically mod-
eled with conductance-based formulations that assume
currents are the result of ionic electrical drift, without
taking diffusion into consideration [1]. In contrast, formu-
lations of current that assume ionic flux depends on elec-
trical drift and diffusion are not as widely used in the
literature [3-5]. These representations are more realistic
and display experimentally observable phenomena that
conductance-based models cannot reproduce (e.g. rectifi-
cation). The two formulations are, however, mathemati-
cally related because conductance-based currents are
linear approximations of drift-diffusion currents. Impor-
tantly, conductance-based models of membrane potential
are not first order approximations of drift-diffusion
models.
The two approaches predict qualitatively and quantita-
tively different behaviors in the dynamics of membrane
potential. For instance, two neuronal membrane models
with identical populations of ion channels, one written
with conductance-based currents, the other with drift-
diffusion currents, undergo transitions into and out of
repetitive oscillations through different mechanisms and
for different levels of stimulation. These differences in
excitability are observed across different levels of ion chan-
nel expression in response to excitatory synaptic input.
The electrophysiological profiles of drift-diffusion and
conductance-based models having identical ion channel
populations are different. As a consequence, the input-
output and computational properties of networks con-
structed with conductance-based and electrodiffusion
models should be different as well. The drift-diffusion for-
mulation is proposed as a theoretical improvement over
conductance-based models that may lead to more accurate
predictions and interpretations of experimental data at the
single cell and network levels.
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